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ABSTmCT

We have employed the pump-and-probe technique to perform
picosecond time resolved measurements of the reflectivity
changes in two archetypal layered compounds, lT-TiS and
lT-TiSe2 probed at 1.064 ym after pumping by 20 ps, .532 pm
iaser pulses. At the threshold fluence, - 40 mJ/cm2~ the
reflectivity drops sharply, marking the occurrence of a phase
transformation on the surface of the sample. Above threshold,
the reflectivity reaches a value as low as -0.1 at high
fluences, strongly suggesting thatl like in graphite~ the high
temperature phase is not metallic.

INTRODUCTION

Very recently, the transient optical properties of
crystalline graphite surfaces excited by visible picosecond
laser pulses have been investigated with 20 - 30 ps time
resolution 1’2. Reflectivity measurements at low excitation
levels have re’realed the presence of a fast decaying
elecron-hole plasma evolving from the initial semimetallic
configuration. More interestingly, at a well defined pump
threshold value of -140 fnJ/cm2a phase transition occurs, which
is characterized by lower reflectivity values. We have concluded
that the high temperature phase is not metallic, having a lower
value of the index of refraction, but , rather, intermediate
between the one of graphite and that of diamond. This unexpected
new phase is presumably caused by a strong perturbation af the
spatial arrangement of carbon atoms in the graphite lattice?
which con~ista of hexagonally arranged, loosely stacked atomic
layers . The ,question thus arises whether the electronic
properties of the high temperature phase originate from a
particular initial structure. For this reason? it is of int~rest
to investigate other archetypal layered compounds.

In this paper, we have chosen two crystalline layered
compounds, lT-Tis* and lT-TiSe2. The titanium atoms are
octahedrally coordinated with chalcogen atorlls forming a
chalcogen-metal-chalcogen sandwich layer configuration.3 In a
plane, atoms are hexagonally packed. However, the coordination
around the non-metal is quite lopsided~ leading to the marked
cleavage properties perpendicular to the hexagonal symmetry
axis. The basic atomic structure of loosely coupled X - Ti - X
(X = S, Se) atom sheet sandwiche~ makes the mechanical, thermal
and electrical properties extremely anisodtropic, like those of
graphite. The lattice con~tants for l’~S2 are slightly smaller



than those of TiSe2.5 It is now well established that the fomr
ic an ext insic semiconductor with an indirect band gap of 0.2 -
0.3 evt Z-91 but it is normally non-atoichiometric and thus
exhibits metallic conductivity arisin

~
from an excess of Ti

atoms. TiSe9 is an intrinsic semimetal. 0-12 A1l these physical
properties “are similar to those of graphite. Hence, it is of
Importance to perform experiments on the high temperature regime
for these compounds and then compare the results with those of
highly oriented pyrGlitic graphite (HOPG).1’2

EXPERIt4ENTAL RESULTS

We have performed a series of time-resolved picosecond
pump-and-probe measurements similar to those made on HOPG. 1’2
The pumping was provided by 20 ps pulses at 0.532 Km by
frequency doubling the output of an active-passive mode-locked
Nd-YAG laser system. The variable time delayed 1.064 w pulses
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were used to monitor the reflectivity at the center of the
excited surface. Near normal incidence angles are employed for
both pump and probe laser beams. All the samples ‘used in this
work were single crystals.
We have found that a damage spot appears on the sample above a
fixed green pump fluence value. Our optical micrographs show the
appearance of a black ring marking the dmrnage area. Its
formation suggests the occurrence of a phase transformation. The
size of the ring strictly follows the spatial variations of the
gaussian fluence distribution of the ia:er beam, indicating the
thermal origin of the effect. The extrapolated value of the
threshold fluence is Fth - 43 mJ/an2

Figure 1 shows our reflectivity results obtained on lT-TiS2
single crystal probed at 1.064 pm as a function of the 0.532 pm
pumping fluence at the different delay times td. AS Figure 1 (a
- d) shows, the reflectivity drops sharp?.yaround 40 mJ/cm2 for
all positive delay times tdt in agreement with the value of Fth
obtained from the post-experimental examination of the damaged
area discussed above. Consequently, like in HOPG, we may
identify Fth as the threshold fluence for an ultrafast pha~e
transition . The drop is ,larticularlY pronounced at *1OO PSI

where the reflectivity reaches a velue as low as = 0.1 frcm the
initial value of 0.52. This variation exceeds the similar
variation in the reflectivity observed in HOPG at the same
wavelength. It has been shown that for a delay time of u 10 p~t
only one atomic layer can escape the surface of the sample,
giving a negligible contribution ta the reflectivity. As shown
in Fig. l-(a), even when the probe pulse overlaps the PumP Pulse
(t
f
- 0 ps) the reflectivity drops above the threshold fluence

va ue, thus clearly demonstrating that the decrease of the
reflectivity is not due to evaporation.
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Figure 2. Reflectivity of
lT-TiS2 at 1.064 pm as a
function of probe delay
time td, for various pump
fluenceso The origi~ of td
is shifted by 50 ps.
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In Figure 2 we plot the measured reflectivity as a function
of the delay time, t .
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Note that the time origin in the abscissa

has been shifted by O ps in order to accommodate the data taken



before the arrival of the pump pulse. At 25 mJ/cm2, the
reflectivity is practically time independent. At fluences
greater than F:h, the reflectivity values are decreasing at
first, reaching a minimum at = 200 ps, and then recover to
higher levels. This behavior of the reflectivity cJ.early
indicates the occurrence of a transient new phase induced by the
pump laser pulse and presumably terminated by heat dissipation
in the bulk of the crystal. The lack of data on the thermal
properties of these compounds prevents quantitative estimates.
The final value ~ = .35 of the reflectivity taken at very long
delay times is lower than the initial one, indicating the
presence of a permanent damage on the surface as soon as the
threshold fluence value Fch is exceeded.

,.4
t

b
●

●

Figure 3. Reflectivity of
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f ction of 0.532 pm pump
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The reflectivity data for the semimetal lT-TiSe2 ,
illustrated in Figure 3, are qualitatively similar to those for
the semiconductor lT-TiS2. Also, the temporal behavior at the
different fluences appears similar to the one presented in Fig
2. Our results indicate that the high temperature optical
behavior of these two materials is independent of the initial
electronic properties of these two layered compounds.

CONCLUSIONS

The transient optical properties of TiS2 and TiSe2 crystals
under picosecond visible excitation have been investigated at

1.064 pm with picosecond time rc~olution. Below the threshold
fluence of ~40 mJ/cm2 for 20 ps, 0.532 pm pun~p laser pulses, no
sign~ficant changes in the reflectivity at 1.064 pm for both
materials have been observed. Due to the smell value of the band
gap in TiS as compared to the probing photnn energy, the plCi91TM

?contribut on to the dielectric constant appears to be
negligible, Presumably, longer wavelengths and/or larger
incidence angles have to be used to detect plasma effects from
the optical response of these materials.
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At fluences exceeding the threshold value ‘th the
reflectivity decreases to values as low as - 0.1. These
reflectivity changes occur during the exciting laser pulse. This
suggests that the high temperature phase of these compounds is
not metallic. The laser pump pulse gives rise to a transition
from a semimetallic or small-band-gap semiconducting electronic
structure into a rather transparent phase, where a smaller
number of carriers interacts with the incoming laser pulse.
Light can therefore travel into the material for distances
exceeding the original extinction depth. Comparison 14 of the
morphology of picosecond with nanosecond laser irradiated
graphite indicate that ultrafast melting occurs at fluences
exceeding Fth . Similar considerations apply here for TiSe2 and
TiS , the critical value for melting being lower due to the
dif~erent optical and thermal properties of these compounds.

This comparative study suggests that a similar, non-metallic
high temperature phase exists for archetypal layered structures
other than graphite. The electronic properties at high
temperatures could originate from the initial presence of a
layered structure which undergoes heavy disr~ption under laser
excitation. A deeper insight, however, is necessary to unravel
the true nature of the structure. The transient optical
properties, as derived i.e. by pump-and-probe experiments or
time-resolved ellipsometry at different wavelengths, can provide
useful information if coupleu with other firm optical and
thermal data on the materials under study.
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